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Cerebral vasospasm is a well-known clinical entity associated with subarachnoid 
hemorrhage and traumatic brain injury [1,2].  In rare instances, vasospasm has been 
reported to occur after tumor resections, more specifically, after skull base tumor 
removal [3-5]. We report a rare case of a patient presenting with delayed clinical and 
angiographic vasospasm, 14 days after removal of a hyperostotic meningioma of the 
right sphenoid wing. 
 
Case Report 
A 41-year-old right-handed woman presented with a four-month history of 
progressive proptosis of her right eye and headaches. On neurological examination, she 
had a right eye proptosis of 3 mm and diplopia on right gaze.  All other cranial nerve, 
motor, sensory, and cerebellar examinations were unremarkable.  Computed 
tomography (CT) and magnetic resonance (MR) imaging demonstrated a right sphenoid 
wing meningioma with severe hyperostosis that involved the lateral orbital wall, the 
superior roof of the orbit, and the middle cranial fossa floor (Figure 1). 
 The tumor was approached via a right pterional craniotomy. Upon visual 
inspection, it was extensively hyperostotic and invasive. Thus, the orbital roof, the 
lateral orbital wall, most of the anterior clinoid, and the sphenoid wing had to be 
removed using the combination of a high-speed drill and ultrasonic aspirator (Sonopet) 
in an extradural fashion. Intradurally, residual meningioma was removed from the lateral 
wall of the cavernous sinus. The optic canal was unroofed using a high-speed drill to 
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supplement the duraplasty. The pathological analysis of the tumor confirmed it was a 
WHO grade I meningioma.  
 Postoperatively, the patient’s proptosis and diplopia resolved completely. 
Because an early postoperative CT scan showed subarachnoid hemorrhage within the 
Sylvian fissure (Figure 2), the patient was monitored for the development of vasospasm 
by means of transcranial Doppler sonography. The patient was hydrated for several 
days postoperatively.  There was no indication of the development of cerebral 
vasospasm, and the patient was discharged on the eighth postoperative day.   
 Fourteen days after the patient’s surgery, she developed acute left-sided arm 
weakness and complete left leg paralysis. CT imaging showed interval development of 
patchy areas of low density involving the right temporal lobe tip and right frontal lobe. 
MR imaging showed a wedge-shaped area of diffusion deficit involving the right frontal, 
parietal, and temporal lobes with large surrounding ischemic penumbra (Figure 3).  MR 
angiography imaging revealed near-total occlusion of the right M1 segment of the 
middle cerebral artery (MCA). Minimal flow was maintained to the inferior branches of 
the right MCA. Severe right MCA (M2>M1) and left A1-A2 vasospasm as well as mild 
right A1-A2 and right distal internal carotid artery (ICA) vasospasm were noted on 
angiography on postoperative day 15 (Figure 4). The vasospasm was successful 
treated with intra-arterial infusion of verapamil into the right anterior cerebral artery 
(ACA) and right MCA segments, with mild improvement of the right distal ICA and left 
ACA segments (Figure 5). This was repeated after the initial treatment on postoperative 
day 15, with daily intra-arterial spasmolytic treatment until postoperative day 19 with the 
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to intra-arterial verapamil, the patient was started on hypervolemic-hypertensive-
hemodilution therapy.  Treatment with intra-arterial verapamil was repeated twice in the 
following days for sustained severe cerebral vasospasm. The patient remained 
hospitalized for 13 days, and upon discharge to the rehabilitation center, she continued 
to have a left central facial nerve paralysis, but had regained 4/5 strength in her left 
upper extremity and 3/5 strength in her left lower extremity.  At 6-month follow-up, she 
had regained 5/5 strength in both upper and lower extremities. 
 
Discussion 
Cerebral vasospasm after tumor resection (a pituitary adenoma and an acoustic 
adenoma) was first described in 1960 by Krayenbuhl [6]. Although cerebral vasospasm 
after tumor resection is exceedingly rare, with fewer than 50 instances reported in the 
literature, it can cause neurological disability, which is just as disastrous as 
subarachnoid vasospasm [3,5,7-12].  
The exact pathophysiology underlying the occurrence of cerebral vasospasm, 
particularly after aneurysmal rupture, remain unclear, but the time frame in which 
vasospasm develops is well established and seems to follow a consistent pattern [13]. 
Characteristically, aneurysmal vasospasm develops on the third post-hemorrhagic day, 
with a peak of vasospasm around the seventh day and slow reduction of vasospasm 
after day 14 [14]. In our patient, however, vasospasm was not identified until the patient 
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Several risk factors have been associated with vasospasm after skull base 
surgery [9]. Most commonly, postoperative blood in the basal cisterns and direct vessel 
manipulation are identified as possible causative mechanisms of cerebral vasospasm. 
In fact, the subarachnoid hemorrhage in the Sylvian cistern postoperatively raised our 
suspicion about the possible development of vasospasm, and hence the patient was 
monitored postoperatively on days 6 and 7 by transcranial Doppler sonography. The 
development of delayed cerebral vasospasm on the 14th postoperative day after tumor 
resection, however, is highly unusual, especially with normal blood flow velocities 
recorded at days 6 and 7. 
Since vasospasm can be associated with cocaine use [15], a drug screening test 
was undertaken, but the results were negative. Dehydration is another well-known risk 
factor for the development of vasospasm, yet we had no indication that this was the 
case in our patient [16]. Vasospasm may also develop in the context of an acute 
infection, particularly meningitis. Because our patient exhibited no signs or symptoms of 
meningitis, no lumbar puncture was undertaken. Finally, products of blood breakdown 
are the most frequent cause of vasospasm, and this may well be the case in our patient, 
too, as evidenced by the clot in the Sylvian cistern [17].  
 This case poses questions regarding the correct treatment and monitoring of 
affected patients, in particular whether all patients with postoperative blood in the basal 
cisterns should be monitored and for how long. In their large series of 470 patients who 
underwent skull base tumor resection, Bejjani et al. [3] reported that only nine patients, 
or 1.9%, developed symptomatic vasospasm. Although this is an exceedingly rare 
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Doppler sonography may not always correlate with the presence of clinical vasospasm, 
however, as in our case where a reduction in flow velocity was in fact followed by 
clinical worsening.  Also, the best timing for Doppler monitoring remains unclear, 
particularly whether this should extend beyond the seventh postoperative day, when 
vasospasm is expected to be at its peak [18]. In fact, transcranial Doppler was 
performed on days 6 and 7 in our patient, without suspicion of vasospasm or increased 
flow velocities, after which the patient was discharged home.     
The delayed manner in which vasospasm manifested itself in our patient without 
prior indications is highly unusual, and questions regarding optimal management of 
these patients cannot be answered based on this single experience. We believe, 
however, that our case raises important questions regarding the pathophysiology and 
causes of vasospasm and recognizing the possibility of such an occurrence is of 
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Figure 1: Axial computed tomography scan (bone window) showing the extent of the 
largely intraosseous meningioma involving the right sphenoid wing and causing 
proptosis of the right eye 
 
 
Figure 2: Postoperative axial computed tomography scan showing subarachnoid blood 
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Figure 3:  (A) Axial diffusion-weighted imaging showing increased diffusion signal 
involving the right frontal, parietal, temporal lobes, consistent with ischemia. (B) 
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Figure 4: Cerebral angiography showing severe vasospasm of the right middle cerebral 
artery (M2 and M1 segments) and the distal internal carotid artery. 
 
 
Figure 5: Cerebral angiography after intra-arterial infusion of 25 mg of verapamil into the 
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